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S_ HE nmnmnetarist view ti-nat n:l’nanges in the innmney
stnmn:k are a primary determinant of changes in total
spending, and should thereby be given majorempha-
sis iii economic stabilization pr-ogr’aniis, Imas been of
growing interest in recent year’s, From the mid—I 930s
to the mid—h960s, mnmnetary policy r’en:eived little em-
phasis mm economic stabilizatmnmn polky, Pn-esumn,d
failnre of unotietaty policy during tite emtr-ly yd,ar’s nif time
Great iJepression, along with the developniment and
genen-al an:n:eptann:e of Keynesian en:nmnonhics, resulted
in a main ennphasis orm fiscal actinmnms — federal gov—
er’nnnenmt speimdimmg mit-nd taxing programs — in en:ni—
nomic stabilizatioti plans Mninn,tar’v policy, insofar mts
it n’t,cn,ived any attentiomm, was genet’ally expressed in
ten’nms of nmam’ket t’ates of intet’est,
Gr’nmmving m’en:nmgnition of thme inm-npon’tar’ice of notmey
armnl othmen’ motmetary aggr’egates in the deterrninatinmrm
of spending, output, and prices has Imeeti fnistered by
the appat-ent failut-e of stabilizatinmn pnmlicy to cur’b the
inflation of the last half of thn, l9GOs, Sharply rising
market immterest rates wet-c interpreted to indicate
significanmt niommetarv restrainmt, wimihe the Revenue and
Expetmditun-e Contn’ol Act of 1968 was cnmnsinln,red a
major’ moyn~towanil fisn:al r’n~str’aint,
Despite these pohicy developments, total spending
continued to rise t-apidly until latn, 1969, and tb-ic i-ateof
inflation acceln,rated, ‘t’hosn, holding to ti-ne nhhonetan’ist
view wem’e not sun-pt-msed by this lack nif sun:cess in
curbing excessive growth iii total spending, lat-gely
because the motey stock grew at a historically m’apid
r’ate during time four years n~ndingin late 1968. Ecnm—
nonic developnments fronm 1965 tlmrough 1969 were in
genen-al agm’eement witim tIme expectations of thn, tnone—
tan’ist view,
This article develops a mnidel (lesigned to anmalyze
n,conomic stabilization issues withitm a fr’amewor’k
whichm focuses nit-I the influetmn:e of nmmonetamy n,xparm-
sion on total spenmding. Mnmst of time tnajnit’ econonm-netr’ic
niodels imave nnit assigned at-n in-npnmt’titnt n-nun, to the
tinorney ston:k n-nt- tn-n any othmen’ tnone tam)’ aggm’egate,’
F’urtbmen’mnore, most ecotmnitnetr’in: nmodels corttaiti a
iar’ge tmnnmhmer of hiehavinir’al hypotheses to be enlipici—
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cally estimated and itmtegtatenl with-n each other, be—
n:ause timey are desigtmed tnu aid mi under-statmding time
deten’nnmnation of many ecnunomic magnitudes. By
cnuntpat-ison, time model presented in this article is
quitn~small, tt is designed tn-n provmnie informualion nun
the mnst likely courseof movement nuf certain stt-ategin:
econmonuic vam’iables iim respnnmse to monetany and fiscal
an:tiomms,
‘t’he model pt’esemmted hmen’e is the autlmom-s’ owtm vet—
sion of Imow monetary and fiscal actions itmflun,nce time
ecotiomy, Otlmer ecotmnunnists linn:ludinmg tbmnse of a
nmonn,tan’ist pur-suasiont tnay prefer’ to devn,lnu1u cerIaimm
aspet:ts of the tnndel it-n a different way, ‘Iwnu such
mmmnudificatiotms are pn’esermted in appermdix C. The
model is cotmsiderenl nuperm to revisintm, but is pn’esemmted
at this time with a ~‘iew to stimulating othn,r’s tn-n jnñmm in
quantil~zitmg relatiommshuips that are generallyassociated
witlm tIme mnnetar’ist view,
‘I’lmis artin:bn, is divided into five tnajn-nr sections, A
goner-al rnonetam-ist view of the response nuf spending,
n-nutput, and prices tn-n nm-nc-nm-notary armd fiscal a:tions is
sumnmat’ized tIn-st. Next, tIme spen;ific featurn,s of the
mmmodel are disn:ussed witlmitm a fnurtnal fratmmewon’k of
analysis. Statistmn;al estimates of tile mnxlel’s par-ame—
tot’s are pr’esetmted in time third sen:tionm, ‘the foun’tlm
section tests the perfot-mance of time nnodel with set’—
en’aI dytmamnic sitmumlatiorm expen-inments, Finally, bysim-
ulating the r-n,spotmse of tlmn, econmomy to alternative
rates nuf monetamy expanmsion, an illustration is pm—
vided of how the tnodel can be used for- cun’m’emmt
stabilizatmn-ntm analysis.
The genn~ral tnonetam-ist view is that the t’ate of own—
n,tarv expansion is time main nln,ter’rumitmant nuf total
spenditmg, ennnmoniy measured by gm’nuss national
product (TNt-ni F Chammges mi tn-ntal sponmdimg, in tum’mm,
influenn:e tmovements in output, ennplnuynent and tIme
gemmen’aI prin:e level, A basin: premise n-nf tlmis anialvsis is
that the en:ormnunuy is luask:mtil stabile am-nd mmn-nt necessar-
ily subjen:t to recut-ringperiods of severe t-ecessiotm armnl
inflatin-nn , Majnir’ busitmess cyn:ie movetnen ts tImat Imave
ocn:ur’r’ed iii time i-nmtst ar’e aft n-il-nuted pr’imarily to lam’ge
swimmgs in the rate of gr’owtlm in-n the mnmev ston:k,
‘this view m’egarding aggregate en:onorn in: m-eiatiomm—
simips differ’s from prevailing views wlmich cormsider’
2General references on the monetarist view are Karl Brunner, “The
Role of Money and Monetary Policy,” this Review (July 1968), pp.
9—24; David I. Fand, “Some Issues in Monetary Economics,” this
Review (January 1970), pp. 10—27, and “A Monetarist Model of the
MonetaryProcess,” forthcoming in the Joumal ofFinance,
aggressive poitcy an:tiotis necessary tn pn’onmte staluil—
ity. Mormn,tamists generally holni that fisn:al an:tiorms, in
the aluserce of ac:n:ommodative monet any act ic-nns, cx—
ert little net influn,tmn:e (-nm-n tnulal spenditig attni therefon’n,
have littin, influence (-nm-n oirtput and the pr-ice level,
Govenn-mmermt spermding unacco mpanmienl by an:n:Ommtmo—
dative monetary expansiomm, that is, financed tw taxes
rim’ borrowitmg li-nit-n-n thn, puiflic, restmlts in a ct-ot-vnling—
otmt of private expermditutes with little, if any, tmet iii—
crease in total spending, Achangnt in the nmonev ston:k,
on the other’ hanmd, exerts a str’ormg independemmt itm—
fluermn;e n-nt-n total spending. Monmetarists c:or-nclude that
an:tinutms of mormetamy authmnurities which result in-n
changes in time money stockshnuuld lue time tnain tonul of
economin: stabilization. Since the economy is n:otmsid—
ct-ed to be basically stabin,, and simmn:e tnnust major
business cycle movenmemmts in tIme past Imave n’esulted
from inappropriate movenmetuts in the tmmoney stock,
cnuntn’ol oftime t’ate oftnonmetatyexpansion is the means
luy which n~n:nunomic instability n:an be mimminmized.
The theot-etin:al heritage nuf tIme mnunetarist tunusition
is the quatmtity theoty of nmniney? This theoty dates
ban:k to the classical economists particitlam-ly David
Ricam’dol in the early mOOs. The quanmtity theory itm its
simplest fot-m is cham’actet-ized as a relationship be-
tweet the stnun:k of nmoney atmd the pmin:e level. Classical
economists conn:entr’ated nun the long—run aspects nf
the quantity theory in which cimanges itm the nuoney
stock result in chatmges only itm nonuirial magnitudes,
like the price level, but have no influence on n-cal
nuagtmitudes like output arid employment.
Tlme quantity timeoty of noney in its mnidem’n form
recognizes the impor’tant itmfluenn:e that cimanges in
the money ston:k can Imave on r’eal magtmittmdes in time
shomt rumm,whmile influencimmg otmly time price level in the
lommg t’utm. The nuodet’mi quantity tlmeoty postulates tlmat
in the slunurt run a n:hangn~itm the rate of growth it
money is followeni with a mnudet’ate lag by ctmatmges in-n
tnutal spendimmg and nuutput, while n:hanges mu time pn’in:e
level follow witlm a somewhat longer lag.~ ‘these
The classic work on the quantity theory is Irving Fisher, The Pur-
chasing Power of Money (New York: Macmillan, 1911). For an
extensive review of the quantity theory literature, see Arthur W.
Marget, The Theory ofPrices: A Re-examination ofthe Central Prob-
lemsofMonetary Theory (NewYork: Prentice-Hall. 1938),volume II,
pp. 3—i 33.
‘Many of the ideas prevalent in current monetarist doctrine can be
found in the writings of Cr~rk Warburton in the 1940s and early
1950s, Many of his impL~ant articles have been reprinted in his
Depression, Inflation, and Monetary Policy, Selected Papers, 7945—
1953 (Baltimore: The Johns Hopkins Press, 1966), See also Milton
Friedman (ed), Studies in the Quantity Theory of Money (Chicago:
University of Chicago Press, 1958), and Lloyd W. Mints, Monetary
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Equation Ii) is the total spending equatiomm. ‘the
clmangein total spending lAY) is specified as a functinumm
of cun-n-etut and past clmatmges in time muiotmey stock lAM)
and n:urnent and past chammges in higlm—enmploynmn~tmt
federal expenditum-es IAE(. This getuen-al specificatinun
repn-esemmts the reduced fonm for Ilmat class of stm-uc—
tut’es wtuiclm Imas AMand AEas exogenous vat-ialules. In
tins fm-tn the total spending equation metmmains uncnum—
mittn,d as to structut’e;it is pnutenmtiahly n:onmsistetmt with
both Keynesian and quammtity timenuty models,’ (‘t’he
magtmitude and significance of the estimated tuztm-ame—
ters deternuine whetimer the data conformum tnore
closely to a Keytuesian ora quantitytheoty,)
Equation (2) specifies the change in the pnice level
API as a fummction of current atmd past denuand pm-es-
sures ID) and anticipated pm-iceclmanges tAP4t, Dn,mand
jut-essum’e is definmeni itm equatiotm (3) as the chanmge mm
total spetmdimmg mmmimmus time potential inn:m-n,ase mu output
IX’- — XI, The price eqimalinumm is an alternative to the
stannlat’d short—t-un Phillips curve relatinunm generalized
to include n:hanges in total spending annl ammticipated
prices. (See appendix A for further nlevelopruuenmt nuf
this relationmship.)
Equation (4) definmes a n:hange itm tutal spetmntinmg mm
tet-nus of its conuponetmts, tIme part asson:iated witlm
c:hatmgesin time pt-ice level (API ammd the part associated
with n:imanges itm nuutput C AXI.’ Witlm AY determinn,d by
equatiomm (1), armd At by enluatinun (2), Ax catu lue dermved
ftotmm eqtuatiotm C4).
Equathumm (St spen:ifies thn, market n-ate of immterest (RI
as a iutmctiomm of n:tmm’n-emmt n:hammges in thn, niormey stnun:k
(AM), cun-r-ermt and past changes flu outptmt (AXI, n:imm-renut
prin:e n:hatmgn~ APt, and anticipated lurice n:lmangn~(AP-~).
The price antin:ipatinuns tem-m is included to n:apture
the F’isimem’ effect’ ‘tIme atmtin:ipated price futmctinun is
defined mu equatiomm (6). Ammticipated pr’mn:e n:hange lAP-’)
in the n:um-retmt period is assurneni tru depend on past
pmice changes Api,
Equation (7) is the unenuployment rate equatmon
anni is a transformation nuf the CNt gap IC), as defitmed
flu equation (SI, immtn) a nmeasume uf unenuploymenut mela—
tive to time laluon’ fom’n:e. ‘I’lmis transfornnation is based on
“Okun’s Law””
ill (IC-’Ck-C550 01 •1,)(C mCUC:C
The workimmgs nuf time modn,l am-c sunutumam-ized by a
flow diagmamum (exhibit 2), Onily varialules imm the (:ul’retmt
perinud are shown in the diagratum; lagged vatiables,
with the exn:eption of past changes itm prices, are
omitted. Time relatiotmslmip that deternuines total
spending is the Iutmdatnemmtal nune anmnung thnuse that
deter-mine the endogemuous vam-lables uf the mumrudei.
total spending is deten-imuined iuy nuunetamy actions
and fiscal actions Ifedet-al spermding finmatmced iuy taxes
or borrowing fnxum the 1uuluhn:), though nnu dit-en:t infrum-—
mation is pt-ovided as to how sun:lm an:tinutms affen:t
spending.
The change in total spendimmg is n:nunmbined with
pnutential (full enuploynuentt output tnu pm-ovide.a tnea—
stmre of demand pressum’e. Antin:ipated pm-ice change,
which depends onm past prin:e :hanges, is n:ombined
with demand pressure hu detertmmine time clmange itm the
pmice level,
The total spending identity emmalules tIme change in
output tnu tue detem-nmined, givetm time cimanmge itm total
spending anni the n:hatmge iii pt-ices’ ‘t’Imis nuethonl of
deternuining time n:imange mm total spending and its
division betweetu output chammge. and pt’icn~c:imange
diffen-s ft-num mnust econometm’ic tumodeis. A stammdam’d
practice in en:ononmn~tricmodel iuuilchtmg is to detet’—
nuine output ammd pr-in:es sepan-atekv~timen cotnluitme
tlmenu to determine total spemmnlitmg.
The cimatuge itm output, thn, n:hange in pm-ir:es and mu
anticipated pnd:es, alonmg vvttlm thn, n:hammge in the
money ston:k, detet-nuine mam’ket immterest mates, the
flow diagram simows that the nuam-ket interest m-ate dnues
Level Changes, 1952—69,” this Review (December 1969), pp. 18—
38~
“-Arthur M. Okun, “Potential GNP: Its Measurement and Signifi-
cance,” 1962 Proceedings ofthe Business and Economic Statistics
Section ofthe American Statistical Association, pp. 98—i 04, Okun’s
Law relates the GNP gap to the unemployment rate as follows:
— X, = ,03(U, — 4)X,.
‘For further discussion of the structural versus the reduced form of a
model, see Michael Keran, “Monetary and Fiscal Influences on
EconomicActivity—TheHistorical Evidence,” this Review (Novem-
ber 1969), pp. 5—24; Edward M, Gramlich, “The Usefulness of
Monetary and Fiscal Policy as Discretionary Stabilization Toots,”
forthcoming in the Journal of Money, Credit, and Banking; and
Richard G, Davis, “How Much Does Money Matter? A Look atSome
Recent Evidence,” Federal Reserve Bank of New York Monthly
Review (June 1969), pp. 119—31,
‘See RogerW. Spencer, “The Relation Between Prices and Employ-
ment: Two Views,” this Review (March 1969), pp. 15—21.
‘Thechange in the price level, ~P,and the change in oulpul, ,~X, are
defined in dollar units so that their sum is equal to the change in total
spending, AY,
‘For a detailed study of interest rates and the Fisher effect, see
William P, Yohe and Denis S. Karnosky, “Interest Rates and Price
The number 03 is a productivity factor and 4 is defined as the
unemployment rate consistent with full resource utilization,Exhibit 2
Flow Diagram of Model
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nuentation witlm the nunubem- of lags and the degree nuf
the polynomial” The sanuple penod starts with t953
fom the spending equatiotu and with 1955 fot all time
otluers, Time data ate quar’tet’iy and, with tIme exceptinun
of inter’est r-ates, at-c seasonally adjusted.
Ctitem-ia used in the selection of time equations were
minimizing the statudamd error nuf estitumate atmd elimi-
nating serial correlation in the estimated residuals, In
additinun, the signs and statistical significance of the
estinuated coefficients t’eceived consideration, ahong
witiu the pattern of the lag distriiuution, Since these
ct-iteria frequently could not be satisfied simultane-
ously, an element of subjectivity was present in select-
ing the “best” equation.
Time change in total spending is specified as a func-
tion of current and past changes in the money stock
(demand deposits and curretmcy held by the tuonbank
public) and in high-empioynuent Federal expendi-
tures (expenditut’es on gnuods and services pius tm’ans-
fem’ payments adjusted to remove the influence of
vam’iations in economic activity on unemployment
benefit payments). The cimoice of the particular equa-
tion (table 1) is based on previous wot-k by Andet’sen
and Jordan,” !niphcit imm this choice is the assumption
Iluat the cluange itu time nuoney stnuck is an exogenous
vat-tabie, A mnure complete ntuodel would speci~’a
mechanism whet’eby the tnoney stock is determitued
by actions ofthe mormetamy authnut-ities, the pubiic, ann!
the banking system.
The luattenu ofthe coefficients indicates a lam-ge and
rapid itufiuence ofmonetary actiotms nun nutal spennlimmg
reiative tn) tiuat of fiscal actiomms,” Cimammges itm iuigim—
empkuyment expenditut-es, witim time tImommey stock lucId
constant, tim-st have a postt~veinfiuetuceon total spetmd—
“For discussion of the use and interpretation of the Almon lag
technique, see Keran, p. 10,
“Leonall C. Andersen and Jerry L. Jordan, “Monetary and Fiscal
Actions: ATestof Their Relative importance in Economic Stabiliza-
tion,” this Review (November1968), pp. 11—24. See also Keran, pp.
5—24,
“Andersen and Jordan tried several measures of fiscal actions in
their basic equation, The best results were obtained by using only
high-employment expenditures, rather than the high-employment
surplus or both high-employment expenditures and receipts. They
justify their choice byappealing to the notionthat financing expendi-
tures by borrowing from the public and taxes have essentially the
same impacton total GNP, For some results that contradict those of
Andersen and Jordan, see E. G. Corrigan, “The Measurement and
Relative Importance of Fiscal Policy,” forthcoming in Federal Re-
serve Bankof New York Monthly Review. it should be repeated that,
a priori, specification of the total spending equation was sufficiently
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Symbolsare definedas
AY~ dollarchange in total spending (GNP in currentprices)
inquartert
~Mm, dollarchange mnmoney stock in quarter
dollar change in high employment federal expendi-
tmjres in quarter t m
NOTE- ‘t” statistics appear with each regression coeffIcient
enclosedby parentheses. R is the percentofvariation in
thedependent variable which is explained byvariations in
theindependentvanables. SE is the standard error ofthe
estimate OW is the Durbmn-Watson statistic
ing, but the int]uetmce beconmes si1,tuificantly tm gative
after tin cc quanters Fis al tn tions, utmacconupanied by
chatmges ttm motuev, )mave little net cft’cct otm (1\P os cc
five quat-ters’4 For shnum t pcrinuds, ammnl fom’ extended
pettods in which therate nuf n hangu nuf ft det-alexpend
iture’, is emthet accelematitig or’ den eli-mating ftscah et
fects are sigtuificatut. time estinuated n nuefficients fnui
changes in motley and changes in feder,ti e petmdi
turn s are in general agt-en-mumetmt witlm time rtuotmetaiist
viei,v nuf the response nuf flutal spermdimmg to thesn two
vatiabies,
flue spec ilmcatiomm of timn— total spetuding equatio mm as
shown in table 1, h-ts tueemm n m itin izn’d as heitug immn uruu
pit tn tim timat tt a Iit-gen I i\ igtmor’es the n Ifen’ts of immtemest
rates nurm \,eton ity,m’ Itone~. ci- smut e tIme spetmditig equ
Andersenand Jordan p. 18 indicate that these results are con i
ent with a crowding out ‘theory of effects of government spending
See Paul S Anderson.’ Monetary Velocity in Empirical Analysis in
Controlling Monetary Aggregate , Proceedings of the Monetary
Conference held on Nantucket Island (June 1969) pp 37 51 and
thediscussion of that paperby Leonall C Andersen, pp 52 55 See
also Henry A, Latane, A Note on Monetary Policy Interest Rates
and Income Velocity Southern Economic Journal (January 1970)
pp. 328—30FEDERAL RESERVE BANK OF ST.
tiotu is a reduced fom’ruu, suclu effects are embnudied iii
the coefficietuts tuf tuuoney,’”
Taint Sp-cndinT~Eqw.t.tic-n
‘I’he tnutal spetudimug equatinun is the com-nerstnumme of
tlue model, providimmg its nunutmetarist cham-actem-, ‘lime
focus of this papem’, huowevem’, is nutu detertuuituinig the
divisinun nufthe change itm tcutal spetuding between pr-ice
and output changes. Price changes am-c estimuuated as a
functiotu nuf it cum-m-ent and past denuand pressure, ammd
(2) anticipated price change.
Demand pressure — Asameasure of demammdpi’es-
sure on pr-ices, the cluange in total spenditmg is m-elated
to the potential change in output IGNP itm cnunstant
prices)” These twcu variables, wluen cotnbined, pr’o-
vide a nueasure of the econonuy’s denmand fom gonuds
and semvices relative to its capacity to supply goods
and setvices, Tlue cluange in prices is specified as a
pusitively related linear function of this measure of
demand pressure (see appendix At,
Demand pressure, fl, is defined as:
= LXv, — tX, —
wheme ~Y, is the change in total spending in quam-tem-t;
XF, is potential (hill employment) GNP itm 1958 pm-ices in
quam-tem-t; and X, is real GNP in the pm-evious quam’tei-”
Given the GNP gap, defined as X’, — X_,, tlue lamger is
the change in total spending (~Y,t,the greater- is the
spihlover into higher prices. Given AY,, the larger- is
X”, — X,~pthe greater is the expansion of output and
the less the spillover into higher prices.
In addition to cum’m’ent values, past values of tIme
dertuanud pt-essure vat’iable am-c immcludenl in the pt-ice
equatinun. The purpose of including past values is to
allow for lags in the deternuinatioru of lum-ices itm re—
WSee A, A, Walters, “Monetary Multipliers in the U. K,: 1880—1962,”
Oxford Economic Papers (November 1966),
“This measure was apparently first used by Ray Fair of Princeton
University. See his “The Determination of Aggregate Price
Changes,” forthcoming in the Journal ofPolitical Economy. For a
similar specification of a price equation, see Milton Friedman, “A
Theoretical Framework for MonetaryAnalysis,” alsoforthcoming in
the Journal of Political Economy. See also a paper by William
Considine of Stanford University, “Public Policy and the Current
Inflation,” prepared as a part of asummer internprogram attheUS,
Treasury Department(September 5,1969),
“The series on potential output is based on thatused by the Council
of Economic Advisers, Currently, potential output is estimated to be
rising at a 4,3 percent annual rate, For alternative estimates of
potential output, see Fair, “The Determination of Aggregate Price
Changes”
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spouse to cluatigirug demuuand, Furtluem’mnure, the impact
of chatmgitmg detumatmd tlurnuugh changimug imuput prtces
arud musts nuf pmxuductiotu is givetu a cimaruce tu operate
luy including lagged values for’ time detnammd pi’essut’e
vamiable,
Anticipatedprice change ‘flue otluerindependent
variable itucluded itu the pt-ice equatinutu is a tumeasure nuf
anticipated pt-ice chatmge tAP’,), The pur’pnuse of in-
cluding this variable as a factnur itufluencirug cutrent
changes in the lui’ice level is to allow anticipations of
future price muuovemetuts to in!lueruce time decisinuns of
market participants. Since such a variable is not nulu-
set’vable, it has tnu be constt’ucted, ‘i’his is acconu—
pushed by assuming that anticipations about fnttttre
price changes at-c formed on time basis of past pr-ice
expet’ience.
‘l’he measure of pt-ice anticipations used in this
study is a by-product of estimating long-term mam’ket
ituterest rates,” Ytuhe and Karnusky showed that long-
term mam-ket interest rates mespond to pt-ice anticipa-
tions of bort-owers and lenders, since comnuitnuetuts to
tuorrowand lend funds requim-e an assessnuent ofantic-
ipated changes in the pm-ice level for the period of time
loan,The pm-oblemconsists nufisnulating this price effect
on market interest t’ates fr’oruu factors influencing tIme
real rate,
In the pmiucess of constructing a measut’e of antici-
pated ptice change, past changes itm pt-ices are ad-
justed by a summamy measure of current ecnunnunuic
conditions, Since pr-ice changes tend to lag changes itu
total spending, the degree of resource utilizatiotu as
measured by the unemployment i-ate is useni as a
leading indicatot’ of future pt-ice movemetuts?’ For
example, if unenuployment is rising relative to the
labor’ fom-ce, decisinun-making econotuuic units would
tetmdto discount current inflation in fornuing anticipa-
tions about future lumice muuovemuuenits, Reflecting tiuis
consideration, time pt-ice change in eaclu quat’ter is
divided by an index nufthe unemployrnetut i-ate appli—
calule to thatquarter. ‘thus time measur’e nuf ptice atutici—
pations would be less for a givetu infiatinun i-ate accorum—
panied luy higlm om- m-isimug utuetuuplovmuuemmt tIuatu wlueim
unernploymerut is low or falling.
‘l’he specific definuition of price amuticipatiotms is
showtmitu table 2, The weigImts mud the lemugtlu oftime lag
“Forotherwaysof handling expectations, see appendixCon alterna-
tive price equations.
‘°Forpurposes of exposition the unemployment ratewas not included
in the definition of anticipated pricechange inexhibits I and 2,FEDERAL RESERVE SANK C~ ST LOUIS OCTOBER 1986 ~
Constraints. 2nd Degree Polynomial
(d ‘tO-d 0)
S
AP, 270 + up, .86AP, A 87
(707) i 0 (855) SE 1.07
DW 141
d5— 02(263) d 01(186)
ci .02 (6.33) ci, * (1 38)
ci 02(663) ci, — .09(918)
ci — 01 (293)
Symbols ate detined as-
AP, dollarchange in total pending (CNPin currentprices)
dueto pricechange in quarter
0, AY, (XF X, ,)
AY dollarchangein total spending (GNPin currentprices)
in quarter
XF, potential output in quarter
X, output (GNP in 1958 prices) in quartert 1
APA antmcmpated price change (scated in dollar units) in
quartert
NOTE t’ statmstics appear with each regression coefficient,
enclosed by parentheses. Hi s the percentofvanatron in
the dependentvariablewhich ise plained by variations in
Estimated price equation — Time estimated pm-ice the independentvanables SEisthe standarderrorofthe
-- . - - estimate, OW ms theDurbin Watsonstatistic
equatinun is shown in table 3, whem-e Ap, is defined as *Lessthan 01
the dollar change in total spending due to pm-ice
changes in quarter t, ‘fhe influence nun pt’ices of the
demand pressure variable, D,_,, is significant atud posi-
tive for five quartet’s luut vemy small thet’eafter,” The independently ofthe demand pm-essui-e varialuleT’’t’he
pattern of influence is one of steady decay, with 70 influence of these two variables should perhaps be
per-cent ofthe tnutai effect ot’denuannl pressure taking viewed in cnumbination, rather’ than as indepetudent
place itu the first three quarter-s anud 95 petcerut in the and separate influences,’~
first fivequarter’s.
Determination of output — Given AY, as deter-
Anticipated pm-ice change, repm’esented by At”,, is a ruuined by the total spenditug equation, and AP, ft-om
significant detet-minant nuf cut-retmt pr-ice change. the pr-ice equatinun, the dollar change in total spetmding
Thouglm significant, the measum-e of time impact of this due hu output cluanges, defined as Ax,, can be derved
var able should ruot lue takeru tnuo literally, because its
constm-uction indicates that it canmmnut really be viewed
______________ “From the standpoint of the model as a unit, price anticipations are
important only in determining the division oftotal spending between
“The pnc! expectations variable as shown in table 2 is scaled in prices and output, not the level (or change) of spending itself, To
dollar units, This transformation is made because prices are esti- allowfor the possible directinfluence of price expectations on total
mated as the dollar change in total spending dueto pricechanges. spending, the spending equation was estimated with the price
“When the price equation is estimated with the components of D,, anticipations variable, The coefficient of the price anticipations
separated, the coefficients for the AY, portion are not statistically variable was notsignificant forthis specification.
significant at the five percent level, implying that the gap portion “There is, however, some evidence that the price anticipations van-
(XF, — X,,), exp~amnsmost ofthe changes in AP,, However, there ablemay be interpreted asan independent andseparate influence,
may be collinearity problems which influence the estimated coeffi- When the price equation is estimated without AP’,, the sum of the
cmenfs, Furthermore,the D,, form is used because,theoretically, it is coefficientson D,,is only slightly morethanshown in table3 and the






mn.from Long-Term Interest Rate Ecualmow
1/
AP’ V It-- p’~’ -lOt II’’ H
1U 4
p 02 p 08 p.. 06
p 03 p 08 p, 06
p .04 p. 08 p. 04
p
1 00 p. ‘08 p
1 03
0 06 .0, ‘08 p. 02
a 07 p, 0? ~.p 96
Symbols are defined as
3P’, anlicmpated oricc change fsca!od in dollar units) in
quarter
~. annual rateofchange in CNP deflator(1958 tOOl in
qLarrert i
U 4 index of Liriompioyrlmerlt as a percent of iabor force
fhase 4,0l -n quarter
V total spend’ng IGNP in current pricesm in quarter 1 7
flirt’ mmhl.iiimitI Immim liii- t’stiimmtlid Ii)mit4—lemmlm
iiitmimst I atm iijti.il ii,m~,:~c r
from the following identity:
Ay, = Ap, + Ax, + (p, — p,_j x, — x,~a.
The cross-product ternu is assumed equal to zero.’-’
‘l’hus,
Ax, = Av, — AP~
The unetumployment n-ate plays a t-ole in tIme nunudel,
representing tlue means by wluich past prices am-c ad-
justed to take into account vatying ecnuruomic condi-
tions in tlueformation ofantin:ipated price changes. To
estimate the unetnployment i-ate, the unemployment
i-ate is regr-essed on cum-rent and lagged values nufthe
GNPgap, expt-essed as apercent of potential GNP. This
equation is estimated by uticorustm-ained ordimmaty least
squares and is shown in table 4.
Interest ratesdo not function explicitly in the nuodel
as a part nuf a transmission mechanism t-unning from
changes in the money stockto output and prices. The
estimated long-term interest i-ateequation plays avital
role in the model, howeven, pt-ovidirug the inifom-matioru
to calculate the measure of price anticipations.
Mamket interest rates at-c specified tnu depend on
current and past rates of change of output xi, the
current rate of change in the money stock (Mi, and
cur-t-entand past t’ates of change in pt-ices (P1 adjusted
by amu index of the urmemployment rate. Tluis specihca-
tiotu draws otm Sargetut’s womk, which was explored
fiut’tluet-luy Yohe anni Kat-nosky.’
Long-term interest rate — ‘lime lorug-tenum tuuatket
rate IR”,( is nueasun-ed by the m-ate on seascuned cnui-po—
rate Aaa homuds. Ciuatuges in output and pm-ices (ad-
justed frum- unenuploynuent( lagged fot 17 qnuar’tet-spro-
vide time most satisfactuty r-esults. The estimated
equatiomu frur the lnung—tet-nu m-ate is sluowim irutable 5.
“Thevalueofthis cross-productterm was calculated from 1953 to the
present and providesamplejustification fortheassumption that it be
equatedto zero for purposesofthe model here. Also notethatAP, is
defined in dollar units,thatis, as (P, -- P,JX,,, not (P, — P,,). AX,
is defined analogously.
“Thomas Sargent, “Commodity Price Expectations and the Interest
Rate,” QuarterlyJournalofEconomics (February 1969), pp. 127-40,
and Yohe and Karnosky, pp. 31—34, 38.The estimated interest rate
equations also contain adummy variable (0 for 1955—60 and 1 for
1961—69). The significance of this dummy variable indicatesa shift
ofstructure within the sample period. Questions can be raised about
this procedure, but it is felt that aprice expectations variable should
not be constructedon the basis of a sampleperiod containing only
an expansion like 1961—69. Including the dummy variable leaves
unexplained that factor (or factors) whichchanged the relationship.
but it does provide awayof estimatingasetof coefficientson prices





U, 3.90 - 040 ‘ 286 - H 92
(12.50) ~11Oi (6801 SE 30
OW 60
Symbols are defined as
U unemployrnermt as a percent ot labor torr;e in quarter I
0 ~‘“tO0
XF. potential output in quarter
X output (GNPin 1958 prices) in quarter
NOIE-t’ statistics appear with each reqressmon coetficment,
encioseo by parentheses. R is the percent of van.ntmon in
the dependent variablewhich is expiamned by variations nm
the independentvariables, SE is rhe standard error of the
estimate. OW is the Durbiri-Watson statistic.
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“See Friedman, “The Role of Monetary Policy,” p. 6.FEDERAL RESERVE BANK OFST. LOUIS OCTOBER 1Q86 ~
getmerally affect tnutal speruduug with a twnu— to thm-ee—
qntat’ter lag. A cluange in the i-ate nuf gm-owtlm nuf tnutal
spending is accoruipanied by a siruuntltatuenuus clmange
in the rate nuf growth ofoutput, and it is tuot ummtil tlmree
quarters later- tiuat time t’esponse nuf pi-ices to a change
1mm demamud pm’essum-e builds tnu 70 percemmt nufthe total.
The r-espotuse nuf pm-ices to a cluammge jim total spennlimmg is
yet slcuwerwhen tluem-e an-c anticipations of a Imiglu rate
of inflatinun,
The speimding equatiomm (taiule 1( indicates tiuat
aluout half of lime tnutai response tnu a clmange irm nuone—
taty gr-owth Occur’s in the (jr-st two quar-ters, anni abnuut
80 pet-cetut in the lit-st thr-ee quartet-s.
The pattertm of coeffieietuts iru the lul-ice equaticun
(table 3) indicates that the effect of a ciuatuge in total
spending is reflected first 1mm nuutput and latet’in prices.
Opet-ating through time detuuand pre~~~tre variaiule,
abnuut a fourtiu ofthe t-esporuse cufpm-ices tnu a chammge in
total spending is in the first quarter, which is about
two quar-tem-s after the chammge in ruuoruetaty actions.
Over 70 pet’cent cuf the pr-ice response is itm the lit-st
thi-ee quai-ten-s, and 95 pet-cent in tiue lit-st fivequarters.
The respnunse of the p1-ice level to ciuanges in total
spemuding is also immiluenced iuy anticipated prices. ‘t’he
gm-eater the anticipated n-ise in pt-ices, the lommgen’ de-
layed is the m-espnunse of tiue puce level tnu a cleclirue in
the i-ate cuf chanmge irm tnutal spetuding.
The equatkunms of the mrudel at-c tcu be viewed as a
unit, and tIme specification of flue tuuoclel is suclu that
givetm the change itu nununev (AM), atud the change in
high—enuplnuytmuetmt expetuditur-es tAEt, the model camu
lue snulved in the following sequence: forthe charuge mu
total spending (AY), the ciuange in the prin:e level (AP(,
tIme change in tealcuutput Ax), tIme unempinuyment tate
(U) atud tlue long— armd shor-t—ter-nuu intet-est rates (it anud
H’) -
‘l’he explanatory power- of each of tiue equatinutms
showmm itu tables I—B may iue acceptaiuIe by cnunvemm—
tiorual standamds, iuut this provides nnu guarantee that
the model will perlot-nu satisfactnurily as a ummit, Thet-e
an-c intet-depetmdetucies in tIme model tluat Imave tnu iue
taken immtnu account whetu evaluating tlue cnumplete
nuodel. Of interest itu evaluatimug tIme nunudel as a unit is
tIme implied patten-mu for- time endcugennuus var-lalules
when otuly aim initial set nuf lagged emmdogenous vari-
ables atmd the time paths of the exnugenmous pnulicy
variables Imnuney struck atmcl high—employment fedemal
Table 5
Long-Term Interest Rate Equation
Sample Period: l/1955—1VI1969
Constraints 2nd Degree Polynomial
(x 0p 0;x,, ju~ 0)
16 16
R, 128 06M, + 1 42Z + xx, ,+ p,(_J74)




x0 02(385) x6 01 (261) x, 01 (1.38)
x, 02 (435) )n7 .01 ( 227) x 01 (1.28)
x2 .02 ( 4.44) x8 01 ( 2.01) x,4 (1.20)
x 02(408) x, 01 ( 180) x, — * ( 113)
x4 02(354) x1 01(164) x, (107)
x, .02(303) x,, 01(150) x 20(288)
p, .02 (123) p, 08 (1713) p 06 ( 929)
p 03(305) p, .08 (1449) p 06(889)
p, — 04(596) p8 08(1264) p~ 04(8.57)
p, 06 (1082) p — 08 (11 37) p, — 03 ( 8.30)
p 06 (1734) Pie .08 (1047) Pa -02 ( 8.07)
p 07 (1966) p,1 .07 ( 9.81) ~p .96 (1904)
Symbols are definedas.
AL, Moody’s seasoned corporate Aaa bond rate in
- quarter
M, annual rate ofchange in money stockin quarter
Z dummyvariable in quarter t (0forI/i 955—IV/i960and
1 for I/i961—lV/i969)
X, , — annual rate ofchange in output (GNP in 1958 prices)
in quarter t—r
P, , annual rateofchange ‘emGNP deflator(1958 — 100) in
quartert I
U, , 4 index of unemployment as a percent of labor force
(base — 40)inquartert i
NOTE: “t’ statistics appear with each regression coefficient,
enclosed by parentheses. A’ is the percent ofvariation in
the dependentvariablewhich is explained by variations in
the independentvariables SE is thestandarderror ofthe
estimate, DW is theDurbin Watsonstatistic
Less than .01
n-xpc-tmditut-es( are assunmed knowtm. ‘t’nu n-ommdun t su lu a
test, sevem al dvn~u-iic-situmulatiotu e pettmnetuts wn t n
petfortumed, I hesn simulatiorus take tlue (ornu o( c,~ post
dyttanuic sirnulaticuns ammd an cy ante nlvtmamumir situmula-
tioru.’
For a discussion of the different ways of assessing the tracking
abtlmty of econometric models, see Carl F. Christ “Econometric
Models of the Financial Sector. forthcoming in the Journal of
Money, Credit, and Banking. For a discu sion of simulation proce-
dures and results with an income expenditure model, see Evans
and Klein pp 50—69Table 6
Short-Term Interest Rate Equation
Sample Period: 1/1955—IV/i969
~onstrairmts2nd Degree Polynomial
mx. O.p ‘ Ox, p.. 0)
10
A t 13 1PM. 92Z . ‘u xX. ‘ ‘. P(




x .O8t8iOl p. - 04( 91)
x .08 t 899) p. .04 t 1 531
x. .08t897) p 09(826)
x .08 ( 845j p 14 ribS2)
x 08(7.83) p, 1/(1311)
x,, 07 725) p 18 (1O29~
x 07 ( 6.f6~ p. .19 ( 8.921
06 i 6361 p .18 t 8.141
x OStbO2r p., 15f764
X. .03f5/5~ P. 11 ‘7301
x. 02 f 5521 p 06 ( 104~
~x .71 ( 8241 ~p 1,27 11689)
Symbols are defmned as
R’. four to six-n”orithrornrimercia’ paper rate ri quarter!
M annual rateof change in money stock in quarter
Z dummy vanable in quarter 1(0 forl 1955 IV 1960 and
tori 1961 -IV 1969)
* annual rate ofchange In output (GNP in 1958 prices)
in quarter t i
I’ antiuai rateot change in ONP deflator 1958 100) ir
quarter I i
U 4 index of unernpio~rrmenlas a percent ot labor force
(base 40j in cuarien I
NOIi: t statistics appear with each regression coefficient,
enclosed by parentheses A is the percent 01 variation ri
the dependentvariable which is eqn:atned by variationa !n
tne ir’depenaentvariab’es SE is the standard error ofthe
estimate, OW is the Durbmn Watson smahshc
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pemiod, and so on ibm- eaclu succeedirug 1ueu-iodl’ A
compam-isonu of these calculated time patius for’ the
endogemuous variables with their actual time paths
enables one tnu forritulate sonic judgment as to Imow
well the model perfnurms as arm intetdependent utmit 1mm
tu-ackingthe nuovements of cettairu strategic ecoruonuic
variables,
Ex post dynamic simulations wem-e commducted for-
sevet-al subperiods within the sample perinud (1955—
69). The results for’the entit’e sample period at-c sum-
mam-ized in clmart I on the muext page. Wlmen simmmula-
tions am-cconducted fot subperiods within the 1955—69
period, the pattetn of movemetmt as slmown for- the
whole perod simulatinumm tends to hold, luut the levels
are clnuserto the actual values at the beginning of each
subpen-iod.
Cham-t I indicates that the model tends to track the
movement ofthe endogennuus vamiables quite well dur-
ing the 1955—69 pemiod. Siruce criten-la foi judging the
pet’for’mance of the model in such a simulation Imave
nnut been developed, any conclusions are necessat-ily
subjective.” The tendency fnui- the model to avoid di-
vem-ging sharply fl-omit the actual path frur extended
periods is an especially irnportant featume. Suclm a
feature provides some basis for trusting the ti-acking
ability of the model ovet sevem-al quartem-s, even if otu a
quam-tem--by-quam-tem- basis it may appear to be ott the
mam-k.
To gain additiotual information aiunuut the pt-edictive
performance of the nuodel, acompat-ison is nuade with
atm cx post simulation from another- nmonlel. Results of
aim cx post sinuulatinutm fnur 1963 atud 1964 have beerm
published for time Wharton mnudel. The t-esults for the
model an-c cnumpar’edwith those nuftheWham-ton mmmodel
in table 7.
i’lue period 1963—64 immcludes the 1964 tax cut,
whiclu, accor-ding to time Wlmai-tnurm rmmnudel, is commsidered
an itmm1uut-tant factor intluemmcing econonuic develop-
ments in 1964. However-, the St. I ~ouis model, wlmich
does mmnut emplmasize such fiscal actiotus, did about as
well, otu aver-age, for time years 1963 arid 1964 (see talule
71. The ruuain diffet-etuce to be remnermutuei-ed i mm evaluat—
hug these simnulatiorus is that the St. Louis tutodel con-
tains tlmr-ee pt’imaty exnugemmorms vam-iables, wiulle flue
\‘Vlmar’torm mmunudel cnummtaiims 43.
“See de Leeuw and Gramlich, “The Channels of Monetary Policy
--“p485.
“See Robert H. Rasche and Harold T. Shapiro, ‘The F.R.B.-M.l.T.
EconometricModel: Its Special Features,” Anmerican Econom/c Re-
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Table 7
Alternative Ex Post Simulations: Actual Minus Predicted’
Comparison of Wharton and St. Louis Models for 1963—64
-- Nominal GNP
2
Real GNP’ Price Level
3
Unemployment Rate
Wharton St. Louis Wharton St. Louis Wharton St. Louis Wharton St. Louis
1963:1 ‘4.6 0.4 39 04 0.1 02 09 03
Il 02 03 04 07 01 02 0./ 0.1
1.3 15 25 0.6 0.3 01 0.9 01
IV 0.9 21 22 04 02 05 1.2 0.2
19641 09 17 2/ 14 03 0.6 14 02
U ii 01 2.3 32 03 0.6 14 02
III 15 17 40 2/ 05 0.8 16 02
IV 0 1.7 2.2 68 04 0.9 12 02
Averaqe Error 0.11 076 i 55 188 0.28 049 1.16 016
Root Mean
Squared Error 200 1 49 2.92 3.09 0.33 0.60 1 28 021
Sample period. Exogenous variables:
Wharton, 1948—1964 Wharlort 43
St louis, 1955—1969 S~Louis 3
-Billions of doitars
Computed from the ieveiof implicit price deflator
Percent
Sources: M K. Evans arid L. A. Ktcir: the Wharton Ecorio,nefnc Fnrom-asnrn~Mode! 2nd, rnia’gee
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The model is used in this section to simulate the
effects of possible ftmture rates of monetaty expansion
on spending, output, prices, unemployment and in-
terest rates, given the economic circumstances of late
1969 and early 1970. Simulation of these alternative
courses of monetary action suggests how the model
may provide information which will be helpful to
policymakers.
Simulations of the model are conducted only for
alternative rates of monetamy expansion. This is done
because of the nature of the results fot’ the spending
equation.The net effect of a change in federal expend-
itures on total spending (GNP} over a five-quarter pe-




The results of simulating the model for alternative
growth rates of money, and for the growth of federal
expenditures as projected in the fiscal 1971 budget,
are shown in table 10. These simulation m’esults reflect
the accelerating inflation ofthe past severalyears and
the fiscal and monetary restraint in force throughout
1969 and early 1970, These projections assume that
empirical relationships based on past experience will
continue to hold in the near future.
Bates of change in the money stock were computed
fi’om the first quartem’ of 1970. Three alternative m’ates
are shown in table 10. The “no-change case” corre-
sponds to the course of monetamy actions in the sec-
ond half of 1969. The “three percent case” corres-
ponds to the trend rate ofincrease in money t’r’om 1961
to 1965. Finally, the “six percent case” represents
monetary actions similar to those of 1967 and 1968.
No-change case — A course of no change in the
money stock from the fir-st quarter of 1970would lead
to further reduction in the r’ate of increase of total
spending in 1970 and 1971 (table 10). A slowing of total
spending alongwith upwar-d pressur-es on prices fi-om
the past inflation (anticipated price effect) would lead
to continued declines in output through 1971. Such a
restrictive course of monetary actions would slow the
rate of pm-ice increase to a 4 percent rate by late 1970
and to a 2 percent rate by late 1971. The decline itt
Output would be accompanied by a rise in the unem-
ployment rate to over 7 percent by late 1971.
cho,mml
Results of
Ex Ante Dynamic Simulation
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Implicit Price Deflator -
A
Real GNP




I II III IV I II III IV
GNP Level tbilimons of doltars) -
Actual 835.3 858.7 876.4 8925 9087 974.8 942.8 9a2,2
Fx Anfe 834.1 856 7 8/89 899.9 9176 932.3 945.9 9572
Ex Post 834.6 856.7 8777 897.8 9149 9294 9434 955 1
Annual Rateof ~hanqe mn V
Actual 97 117 85 7.6 75 73 80 4.0
ExAnte 91 113 10.8 9.9 8.1 66 6.0 4.9
ExPost 94 11.0 102 9.5 7.8 65 6.1 5.1
Annual Rate ofchange in X
Actual 59 74 40 3.2 2.6 20 2.2 04
ExAnte 5.7 76 7.0 5.9 4.0 2.4 1 7 0.7
ExPost 54 6.7 5.7 48 3.0 1.6 1.1 0.0
Annual Rate atChange in P
Actual 3.7 4.0 4.0 43 49 5.2 5 4 4.7
Ex Ante 3.3 3.4 3.6 3.8 40 4.1 4.2 4.2
ExPast 3.8 40 4.3 45 47 4.9 50 5.0
Unempioymont Rate(percent)
Actual 37 36 36 34 3.4 35 3.6 36
Ex Ante 3.9 38 3.5 3.3 3.2 32 3.3 3.5
ExPost 3.9 37 35 3.4 3.4 35 37 3.9
Corporate Aaa Rate (oercent)
Actual 61 63 6.1 62 6.7 6.9 71 7.5
Ex Ante 58 5.9 6.0 64 6.5 6.1 1.0 Li
Lx Post 5.9 6.0 6.1 65 6.7 6.9 7.2 74
Commercial Paper Rate (percent)
Actual 5.6 6 1 60 60 6.7 7.5 8.5 8.6
ExAnte 5.1 51 5.1 5.6 5.7 6.0 6.6 6.7
Lx Post 5.8 5 8 5.8 65 6.6 7.0 7.8 8.0
Keyto Abbreviations:
Y = Nominal GNP
X = Real GNP
P = GNP price deflator
‘Simulation based on equations estimated through V/i 967.
‘Simulation based on equations estimatedthrough tV/i 969.
rntcmcst rates would be to keep the long tuim intcrcst the long term tatt
rate at recent levels through 1970, mainly because of Threepercent case — Growth ofthe money stock at
the effects of past inflation. By early 1971, the slowet’ a thr’ee percent annual rate is pt’esented to illustm’ate
advance of prices in 1970 and the slowing of output the effects of a moderate expansion of m1~oney.‘this
growth would lead to declines in thc long tctm i tte iat (or-u csponds to the trend r tIe of rncreise in
Thc shomt frini mntet (st m aft. on the othet hand would money ftom 1961 to 1965 In tin. cut m ent cconomtc
hold at re nt lcvels only tcnipoi urly pat tlyb ause smtuatron a thn t pci etit late of ~xpansrori in moncy
ot wntinued r sti ruin e monutat’y tuttons ‘thom t term would t epresent a nioder tte easrng of mon t in’ poi
Iates would drop sh it ply by thc sucond half of 1970 icy from rts m estn tivc infitu ncr of late 1969 and (amiv
rcflecting p1 mniatliv thu slowing of output gi owth
Since the pm-ice lags are shorter for’the shoi-t—ter-m t’ate,
the effe ts of past rnflation itt not so pervasr~ as tot Thc uffuct of sw h xp tnston would be to maintainFEOFFAL REFERFE BANK OF BA. LOUtS
growth in total spending at a rate about the same as in
the fourth quarter of 1969. Given the influence of past
inflation on pt-ices, output would decline slightly
through 1970, but would resume its inn-ease by 1971.
The effect on pr’ices in 1970 would be little different
fi-om the no-change case, but by late 1971 the differ-
ence would be marked. In the tiu-ee pet-cent case,
prices would still be t-ising at a three percent r-ate by
late 1971 compared with a two pci-cent rate for theno-
change case,. Modet’ate expansion of the money stock
leads to arise in the unemployment t’ate through 1970
arid 1971. In general, for this model, the unemploy-
ment rate rises as long as output grows at less than a
four percent rate,
‘i’he long—tet’m interest i-ate would r-emain at recent
levels tht’oughout 1970, and not until early 1971 would
the effect of slower pr’ice ir)(~~l’eases and output growth
be enough to ofl’set the effects of past inflation, The
short—tet-rn inter-est rate would fall mom-c quickly than
the long—tei-m i-ate but would not fall as much by late
1971 as in the no-change case. Such a pattern for the
short—term rate illustrates the short— and longer—run
influence of quickened monetaiy expansion.
Six percent case — A six percent annual t’ate of
increase in money is shown to illustrate theeffects ofa
sudden shift to a vety r-apid t-ate of monetary cxpan-
sion in the second quartet’ of 1970. Such increase in
motley would be about the same as during 1967 and
1968.
A major’ effect of shifting to rapid monetary expan-
sion would be to advance the i’ate of total spending
gm’owth. By late 1971, total spending would be incm’eas-
ing at an 8 percent rate with such nionetamy actions,
The t’ate of pm-ice increase would fall somewhat, how-
ever, because of past t’estr’ictivemonetary actions. But
the gain in price performance would be small, because
by late 1971 prices would still be increasing at a 4
percent rate. The effects of past monetaiy and fiscal
actions, along with past inflation, would lead to a
decline in output through mid-1970. From then
through 1971, output growth would increase.
Despite a shift to a vety t-apid i-ate of monetatv
growth, unemployment would rise until mid-1971.
This increase in unemployment would follow because
ofthe continued influence of past monetajy andfiscal
actions. By late 1971, the recovety in output growth
would be pushing the unemplonnent i-ate backdown.
A shift to m’apid monetaiy expansion has a pro-
nounced effect on market intet-est mates. The long—
term rate would stay at recent levels through 1971,
because the influence ofpast prices (anticipated price
Table 9
ExAntevs. Ex Post Simulation- Actual




GNPin 1958 Prices 099 158
OMP Deflator’ 025 076
UnemploymentRate 0 14 0.20
corporateAaa Rate 0 17 026
Commercial Paper Rate 044 126
tcomputed fromactual minuspredicted annualrates ofchange
effect) would not be oftset by a sustained reduction in
output growth. The shot t term rate would fall, in i-c—
sponse to the temporaty reduction in output growth,
but the decline by late 1971 would he less than for
either the no-change or three percent case.
ITT :TJITCTT.KTTTTTSO III.C ~tIOthTIgOr
Shom-t-run pt’ospects for economic variables tend to
dominate policymakers’ decisions. However, the
longer-run consequences of altem’native monetaty pol-
icies should also be given consideration. ‘l’his model is
incomplete for long-run analysis nevertheless, it
yields t’esults that are of interestand may not betoo lam’
removed froni~m’esults that might evolve ft’orn a more
complete specification.
When simulations are conducted for long periods
into the future (30 years), the model demonstt-ates
properties consistent with those expounded by the
classical economists. Over the long run, monetaty
actions have no effect on t’eal magnitudes; the i-ate of
growth of output, the unemployment rate and the
real rate of interest all tend to move towam’d some
equilibrium t’ate, regardless of which rate of money
“The shortcomings ofthe model for the long-run analysis are quite
evident. There are no assumptions specified as to labor force
growth and productivity. Furthermore, there is no investment func-
tion and, therefore, the capital stock is not an endogenousvariable.
All long-run assumptions are embodied in assumptions about the
growth rate of potential output. With these assumptions, policy
actions cannotaffect theeconomy’s long-run growth rate.FEDERAL RESERVE BANK OF ST. LOUIS OCTOBER 1868
Table 10
Simulation of Alternative Rates of Monetary Expansion
- Actual Projected Projected Rate of -
Change in M IV’1969 - 11970 111970 1111970 IV 1970 11971 111971 1111971 IV 1971
0 Percent
Annua Rate of change in V 4.0 (5.1)’ 3.5 31 1 0 03 07 09 21 09
X 04101) t3 16 33 36 27 2.1) 04 1.0
P 47(503 4.9 47 44 40 35 30 25 1.9
UnemploymentRate 36t401 4.3 48 52 5.8 64 69 7.4 77
corporateA-aa Rate 75n74~
74 ?.~ 7.4 74 73 71 69 6.7
ConirnencialPaper Rate 8 6 t8 01 7 6 7.6 7 1 6.5 5 75 0 4.4 3 6
3 Percent
Annual Rate of change in V 401511’ 35 38 2.9 3.1 41 44 5.5 4.3
X 04(0.1) 13 0.8 15 1.0 03 08 22 14
P 4.7(5.0~ 4.9 4/ 4.5 42 38 35 37 29
Unemployment Rate 3. 6t 40 1 43 48 52 56 60 63 6.5 67
corporateMa Rate 7.5 f7.4j 74 73 7.3 /.3 /13 72 71 69
commerctal Paper Rate 8.6 ~8.0I 7.6 72 6.8 6 4 5.9 55 50 45
6 Percent
Annual Rate of change in V 4.0 fS.lm 3.5 46 48 60 76 /8 89 77
X 0410.1) 1.3 01 02 16 33 37 48 3.8
P 471503 4.9 4.7 45 43 42 40 39 38
Unemployment Rate ~36f40) 42 4.8 51 54 56 56 5.7 3/
CorporateAaaRate /5l74) 74 /2 ‘/2 7.2 73 73 7.3 7.2
Comriienuai Paper Rate 8.6n8.0; 76 67 6.5 6.3 61 59 5.7 5.5
Kay to Abbreviations
V Notniri~i CNP P GNP Price Deflator
X Real GNP M MoneyStock
‘Rates of chanqe nt money projected frarn I 1970 High-employment Federai expenditures pnojected un basis ol fiscal ~97~ budget. as
released in January 1970
‘Model estimates.
growth is maintained. ‘l’he effects of alternative rates of model indicates that high employment and price sta—
monetary expansion are on nominal magnitudes, hility are compatible.
namely, total spending, prices, and mat’ket interest
mates.
Based on the assumptions of the model, a six per’— ,,
-- - Ihe main purpose of this study has been to quantift’
cent i’ate of gt-owth in money along wmth a snx peti;emit .. -. -
- -- the effects of monetat’v amid fiscal actions within a
growth rate iii federal expenditures, for example,
-- . small—model framework and thereby offer an alterna—
would lead ultimately to about a six percent t’ate of - -- ‘/ -
- . tive to existnng lat-ge—scale econometric models. Such a
growth nn total spendnng, afour pemx;ent rate of growth mod I has bi ii foimulatud md th eftec ts of nnonc
in output, atwo pci-cent n-ate of increase in prices and -- . -
- -- tan’ and fiscal actions on spending, output, prices,
mai-ket interest rates about two percentage points to - -
- employment and interest rates have been estimated.
excess of the i-cal t’ate. Altem’natrvely, a two pet-cent
groi.vth rate in nioncv would result appt oxmm itely in t tlie model c1e~ lop 1 in this amtit li is pi unal ilk’
two pet mt gm owth in total spending a tout pet ent monut tr tst in c h inat ter Ih stimat d quations
rate of growth in output, a twopercent mate of decline indicate that monetary actions, as measured by
in prices and market inten’est t’ates about two percent— changes in the money stock, play a str-ategic role.
-igepoints below thn i-c il mate Ovet tin long iitt) tin I tsr al a lions as nn asuti d by high mplovnu nt ft d•FBOERALPI:sERvE BANK OF ST. LO~J 0010555 1585
em-al expenditures, have some short-i-un effects, but for
pet-iods of a year or more the net effect on spending,
output and prices is near zet-o. Simulations ofalterna-
tive rates of monetaiy expansion produce short-run
and long-run responses which are consistent with the
genei-aI monetarist view ofthe economy.
One of the chief advantages of this model is that it
depends primarily on information about only two
variables — the money stock and high-employment
expenditures.2 Considerable insight can be gained
about the pattern of expected movements of certain
~‘Thisfeature has led John Deaver to coniecture that the standard
error ot forecast in the Andersen-Jordan model may be tar lower
than that of the FRB-MIT model. See his Monetary Model Build-
ing” BusinessEconomics (September 1969), p. 30,
IA
at fl:i . Price Equati.an
The price equation omittingtimescripts and lags) is
= fl), APN,
whereD,demandpressure,isdefinedas Macroeconomic Equilibrium
I) = —— Xl. (Determination of Output and Prices)
AVis tile change in total spending, IX’ XI is the GNP gap, P
that is, the difference between potential and actual output,
and APA is anticipated price change. ‘this specification of
the pt-ice equation is based oti statidar-d theory of nnacr-o—
ecotionuc equilibrium.
Macm-oeconomic equilibritrnm can he depicted gt-aphically
as in figure 1. The solid downward—sloping line, x~, is the
total spending line, which repi-esouts the combinations of
prics and output consistent with a particular level of total
spending, V. ‘this total spending line can be interpn-eted as
total demand for output.
The upward—sloping line, labeled XS, is the total supply
line. This 1kw corresponds to that combination of prices
and output which maximizes profits of firms, given the
prices of facnom-s of production, the degr-ee of competition
among firms and the stock of LIuinan anti physical capital
defined to etnbody ttie state of technologyl -
The intet’section oftotal supply arid total demand detet-—
mines the levelsofoutput and pn-ices.’r’he equiliht’iutn pncc
level is that level which equates the amoumi t of output
supplied with thc amoumit dennanded,
stt-ategic economic variables by considering alterna-
tive coum-ses of monetary and fiscal actions. However,
since the model is hmited to only nnonetaty and fiscal
influences, to the exclusion of other- independent
forces, it is not suitable for exact forecasting:” tts
primary purpose is to measui-e the genei-al pattern of
influence of monetary and fiscal actions on several
strategic economic variables. Since the economy is
viewed as being basically stable, other faclot-s in-
fluencing total spending, output and prices are not
considei-ed to be ofgreat importance in estimating the
response to monetaty and fiscal actions.
33See Andersen and Jordan, pp. 15,23,24,and Leonall C-Andersen,
‘Money in Economic Forecasting,” Business Economics (Septem-







‘the focus of the riiodet is niti tIe cliarige in pr-icesarid t lieiCF.FF~A(FFF52FJF SANK OF 51. LOUiS
change in output. In terms of figut’e 1, changes in prices
and output ar-c hr’ought about by shifts in demand and/on
supply. Since X~’ is dt-awn for’ alevel oftotal spendinig, a shill
of that line upward and to the right to ~ m-ept’esenns an
mien-ease in total spending. If the total supply line n’emiiainis
fixed, the effect of AV tin) pt-ices depends on Ill the magni-
tude of AV,and on (23 the slope of the total supply line, X~,
The pun-pose of the nnodel is to estimate the response of
spending, output amid pr-ices to monietary and fiscal
actions, riot to test a hypothesized str’ucntrn-e.Consequently,
n-athen than attempt to determine the shape of the total
supply line empin’ically, its variable slope is pn-oxied Lw the
difference between potential output and actual output. As
cit-awn in figure 1, then-c is a one—no—one relationship be—
;%J,:’J)e]ntr;II..x. 11
(kr.aph.1.t.~iI. .1I.itistra.t.iaa at: 1,he .NVII:ML
‘She won-kings of the model can be demonstrated witti
gm-aphical techniques. Figure 2 is a representation of the
core of the model, showing the determination ofchanges in
spending, otupun, andpt-ices.
Panel A of figure 2 is a gr-aphical representation of the
total spending eqtrationi with AM tin the horizontal axis and
AV on thevertical axis. Changes in Au shift the total spend-
ing line.
Panel B shows pm-ices I API as in function of AV. A slion’t—n’un
price line (API is drawn consistent with empirical tesults
showing that Ali is not very sensitive to Av in the shor-t n-un,
lnipom’tant determinants of the position of the short—run
price line are the size of the GNP gap and anticipated pm-ice
changes. The long—nun price line I API LRI (is drawn to show
the relationship between Al’ and AV when the SN P gap is
zero and anticipated lit-ices ai’e equal to actual pn-nc(~s.Its
slcipe (45 degt-ees lI’om its origin on the AV axisl is hased on
the monetan-ist view that in the Icingnun, AM inttun,nces only
AP.
funnel C expr’csses the tcital spending identity ingraphical
terriis. ‘tonal spending is divided lietween output and
prices to reflect this, the line in paniel Ci sdrawn as a 45
degree liiiewi tIi its posit icumi delen-iliined h_v the riiagnitonh
of total spending {AYI. There is a family of 45 degi’ee lines,
one for- each possible AV. Also included in panel C is a
horizontal litie r-ept‘esen Iing the long—i-un gm-i wt Ii -ate nil
output. It is shown as a ti om-izontal Iinc tii itit Iicatc that Iorig—
n-un outpui growth is exogenouslv detet’mimiecl by r-csciurce
gt-owth and techninilogv.
OC’FOSEF 1958
twt n X — X mud th slopt of x ~sscrmrrig lb tr I hms
n I rtronshitp ns rpptoxrm rtuly mr in wmthrn thi( n nngn of
xpen mc nun suit 1955 arid rh it tin obst n’ ci ‘~rIms t itt on
thu suppt~ Iiis th n tl( t of t ‘an thIn slop ton X c In
mppr oxnni mcd liv X — X tnt Ihits mm in, th In nri lAY — IX — Xl
brings to4 flit n tioth tin m i,~rir tundc of cit ni intl stint I intl thu
slope ofthe supply line.
‘the other term mi the tin’ice eqtnation, anticipated price
change, Ar, is considet-ed asa separate influence on pt’iees.
In terms of figure 1, the anticipated price ternii is a shift
par atm it n for tin tot it supply I non ian inc n-i rsc in Au slintt’,
X rrpwar d and no tIn It IU IIn ludmnig nt mm this w iv rllows for
thu rrifluc nut ot p rst p ruts on t urn cut pn in nng po
1
itits of
tm ms md fat ton 5 nit pm niciuc tromi
En panel I) th Ax, line shows th relatronshrp bctv.c n ni
rilcincy (AM) aridnitrtput IAXI is tic n a.ed ftour the other thruu
pari~ Is The r quation for this lint is not shonn in _xhirhmr i
in flit text but nt an tie dun ivc d fr’oni thu othc n equations of
the model
t”igun-e 2 is cit-awn to n-epn-esemit an initial equilitim’ium for a
given AM, which has associated with it the shot-n—run price
arid output lines, AP, arid AX,. ‘I’hie efiect of a change in AM,
given AE, is shown as a movement along the spending Iitie
in panel A from @ to ©. Given the initial pn’nce line, AP, amid
the changed AV, the effect on prices anti output is shown in
panels B, C antI I) ;ns a movement fm-om 0 io ®.
‘l’ti is case illust n-ames the imi ar t of a cliange in) ~Nt ii t lie
shitin’t runi .~ IrimIgen’ I let-iorIs, a niticipatccl price changes
and the SN Pgap will alsochatige; theybecome enclogenous
varial iles naI ring—ntni model. rn illustn-ate m he effects fon’the
long n-un, the long—n-inn price line, APILI-ti, in paniel Ii, is
n’elevamin. ‘I’tie interpretation of the Icing—n-un pr’icc~ tine is that
changes in AM are reflected only in A~, wirIi AX deten’niiined
hm c onisncir n ntronis cit mc sour cc gm owtIi mid tc hniologm In
hom’izonral line in panels C arid I) is thic, long—nun m-elatiniri
between pn’ices and output.
In the shon-t—n-umi, the solution ofthe model need ninit lie curl
the tong—run pt-ice linn, in panel B (on’ the long—n-umi ounptin
limit, i ri par iels C a mitt DI. El ~iwevet-, a succc~s sioni ofshor-t i-i nils
ishomvni its a shift ofthe At’ anti AX Iimic,s to Ab’,aod Axj will
enid to move ccl tn it ib -itinn towan- I thc’ Ionmg—i-nni pni e an 1
ciutptrt lines, as anticipated pn’ices aclinist In actual pn’ices
and the UN t’gap goes to zen-n.isnw ,ir 51
Figure ii






ftIteraatrva [‘a ira 1iqu.a3it~iis
independent variable in the pt-ice
ficatioti allows monetary actiotis
anticipated prices.
eqn.tation. Such a speci-
to serve as a ptoxy for’
!i/i/i1’kt~tIiilc’rc’t’u liliES’ ~S’ tht’
the model consists, him- the niost pant, ofequations which
have been estimated in pre.vicius studies. ‘the put-pose of
this paper is to combitie the equations in a way which
represents the genien-al nnonetam’ist view.
The pmimary distinguishing feature of this model, other
than the n-educed—form total spending eqtmatitin, is the in-
clusion cuf a pt’icn~anticipations vat-iatule in the price edhua—
tion, Two alternative methinuds of introducing pm-ice antici—
paticuris wet-c consider-ed - One, atte,roative bypasses the
precise form of the pn-n~anticipations function and uses
the long—term man-ken interest n-ate (yietci on corptin’ate Aaa
tionidsn as an independent variable in time price equation.
The other alternative bypasses tinuth price expectations anti
initem-est n-ates, and intm-ruciuces changes mi mniniey as an
5: s:,s; S s,-,.,5
‘l’he fir-st alter-native replaces the price anticipations vari-
able with the long—tet’m market interest n’ate.’’rhie r-atininale
is that the process of price anticipations for-mationi is so
complex that it defies measun-enienn, However’, there seems
tn be agreement that the level of market interest n’ates
reflects anticipated pnice changes, however for-med. Thus








The suggestion forusing the interest rate in the priceequation came
from the Money and Banking Workshop atthe Universityof Chicago.FEDERAL RESERVE BANK OF ST LOUIS OCTOBER iNS
Table 11
Alternative Price Equations (Dependent Variable — APJ
Sample Period’ 111955-IV/1969
Independent Varnabhe
~ (R~mXr ~) 01 ~AMr Constant R’ SE DW
PnceAnticipationsSpecifrcatron’ 09 86 2-70 ,87 1 07 1 41
(918) (855) (707)
Interest Rate Specificatnon’ 09 11 1 93 28 1 04 1 49
(872) (8-73) (4 10)
MoneyStockSpecnfncatton 06 281 211 88 lii 137
(461) (782) (422)




NOTE Regression coefficientsare the topfigures, their V stattstncs appear below each coeftnctent,
enclosed by parentheses R’ ns the percent of vanation tn the dependent vartable whmch ms
:~tt~~ ~ rndentvarnable SEtsthestandarderroroftI-reestnmaS OW
Sinr cintc r-n si rain s n-eflc.ut factors other than pm mcd anmnc m of the wholc niodc I and thr Innktgc s betvccuni mcuney anti
pations intl tndnrmgthe intem-est rate does ncut p~ cuvide n c Ic In ~t mues in pan tm uhan
nneasute of pt-icc antmcmp itnons Lsnng the niankut rn tun-r st
nate alicnms thnise tat lois intluenc ing ihc t caft atn ct intn nx st The set cund alter ni rtnve tim tins ccinsrcierud is b tsr d oni tI-it
tn enter mnctmn’ectly is an mritlm.nc ncr oti pm mdc mi gunun af ucmitn al pmopositnoni cut thu qinantity thcon’v iii it c Ii mngus
however nt has been -ingut d that thin n-n al n itt of mniten ~ in rncnnev an-c nIlinnately netter ted mci ti moges in thc ~ mm m
very statute, level Acc-cum dinghy c un’r’enit and past change iii rncinev at
- - irsud as a pn oxv to mc insum’m an ticipatecl ninachic nit’, in
FoEfniwmng thns reasoning, the pr-ice equation was esti- Pt u c s though this m’ationiale fon inn luchmtig mcinev is scinic’
nn rtcd by nniuludmng nhu tong tun tn in Er mc si m itt tilt m usul ts what nan t omvc n th in th ml pm olunisudi In somc nilcunid tart c n on
arc shown rn table 11 Thu ccit finc mr nt of thin nntr mm st n tin oman is thin ctnm d t mid mmlii nr I m lit r ts oh mcinc v ant bcmg
mm thute ns sngnirfiutnt at the frme r c r nit IcmcI for thrs spun n tilt asurc ci olin c ml is mc luck ci in hit p~ muc d d~u mticuni
ficatton, arid tIme sum nit thn, ccueflicients I-cur thic, demiiamid -
pressurevariable is roughlythe sameas forthe price antici- Ilie prmc e c quation incom-por rtinmg cun’i’enit and lagged
paticunis vet’sion ofthe equation. However, thin, length of the ~aIuc s of changes in mnuniev is hniwmi iti tatitn t 1I xii p1 tnt
tag strtnct mre is longer, indicaning that the i-espcunse of hit cinn n-unit quan-ten’. the n oefhic tents ale signmitmn’amit for’ mimic
pnices mu changes in deniiand pn’essum-e niiay tie slower thati lagged quan ncr s the eflect nit inclunhng changc s in niionir-
in tI-ne iuasic equation - But this riced ni ut iniiply that fin-ices lowers the sum nilthe c’cuetfncmenits on thin cli nn mid P~’escm-c
an-c slower tcurespond tomonetary actions, since the magnii- mar’rabhe, howc mm r I he o~ c n-all explamiatnin-v pci~m er cut tIn’
mdc of the inten’est n-ate cotitributicti tcu fun-ice change is qtnatroni is about the sann as for’ Ibm pn’nn c- antnt i~ ianicunis
smaller than ~th the pt-ice anticipatinunis specificatinimi. model.
if s if
Sever-al ohsemvems have been cn-itical of pr-ice equaticuns ‘ho cnunipare the pm-ice edluaticuni in the text with the two
that do ncit inc hudu nionetarm ‘~inrabIn s chin cIty As shomi~ rltc n n itim n s nil this nppn ndrx tIn mcucir I mx ns snmul itt il vi mth
in the text extIticitng nionc tar-v man ratulc s tm cuni the pmrt m in h cit tI mc tim-cc cirficit nit ‘~p~ its ttmcunis In cmii I 9b’ thin o igti
equ Itmon dots nnut nuc ussanrlm inmplva nioni rnnimmr t try thc om’v 1361 1 lie pennot] sn ml nmni5 in 1965 15 inst ci hr inst thc m 1
cut inflation Suc h n conclusnon anincut hr. dn m nm c ciliv r xanl ~ En in king thnlutm of thc mncudc Is cmi trig i pc n nruci cut mm r c It I
nnirig thu pm nuc eqtm mtnnin tlcune iur.nt n’eqtunr es In x mnmnn mtncuni itrnigtrill rtronm rs m spemi tIlt mm 1cm tnt mi iss ssmng tlit c n.m mit nit
2See Fend Some Issues in Monetary Economics pp 20—23 uThms suggestion was made by Professors David Fend and AllanFECERAL. RESERVE BANK OF ST. LOUIS OCTOBER INS ~
Table 12
GNP Price DeflatorAlternative ExPostSimulations: Actual
Minus Predicted(compounded annual ratesof change)
PrmceAnticipations InterestRate MoneyStock
Specification Specification Specification
19851 06 0-3 05
ii 02 02 —10
Ill 07 10 1.7
IV 02 0.4 1,0
19661 10 1,0 0.4
bb 14 1.5 tO
blI 0.8 08 06
IV 02 0_i 0.3
19671 03 03 0.2
It 08 0,8 0,8
III 1.0 11 02
IV 13 14 11
19681 04 04 03
hI 05 0,7 06
Ill 02 07 04
IV 02 09 03
19691 06 14 07
II 07 1.6 0.8
fbi 02 17 10
IV 01 09 05
Average Absolute
Error
1965-69 060 086 071
1965-67 071 074 079
1968-69 044 L04 058
Root Mean
Squared Error
1965—69 050 096 063
1965—67 067 076 079
1968-69 025 1,27 039
en cuimonnnc smtuation, Sitmcc thc fit-mn n n-quatinuni is thm ninlm tioni ml r m item ra ~ polK\ maker’ nnrghmt cmcli uonsmcier thin
pam t that man-ic ft dun-ni omme mncuciub tothe next, cmilv the mm suits m cmfts prom idccI In n ac’bi nut tlmc thin cc
lcn-the rate rutc hanmge ofp~ ic s -rn-c repcum Etch see tabln, 12) -- - - WIn n snninlatnonms am-c pemtcummud for 30 ‘yearpenmuds hue-
chic hum-icc an tin ipatmiuns spec nlnt-atinumi bias the snn,mIlest giniinng in 1970. hIm- pm icc antic i~uatmcuns m em’stcun Ia pm
-mm en-a~cau ‘culcnte un-non -mmcl thc smallest r-cuot r nmeani qm.man’nI sentech in tbc in xt afufun’cuac lies c’losn st a lnmmmg n-cnn) ctassin al
emn-or fom tbmc 1uen mud Dun’ing thiu last twnu can nut time penrod culcmtion F nun time otl er Evio stun n hic ationms flit unienimplom
1368 anmni 1969. ear h of tImealtc r natmm e 1ueuific-aticunm stenmds tn men t r-mte cinres miot -tatuilr,c at time sanic lc-melton altern mat im
unmder’eslinmate
1
um’in e r-tianges Fiomvec c r tnur t968 anmci I ‘Ic’) gn-ovi hhm m att s of mnummev Il-nts tmm ii alit -nm nih’es yield thu
the pm ic’e an tic ipatinuns spc c’mtmc ,mticmi ag mini has tuchh tbmn s-tmmne c-c~n iliiun’nunn gn-cumvih n atus of cnnput fcur at En m-imathe
smallest -aer mgc aiuschn.nte n.n’n’nur and m curut mean squat c’cI gncwth n-ales of mmmnunem - lint inc c this n-ate is .mtutum’nua ’hcci
cm mom asvrmmptcutin-ahim cinenmplovnnenmt stabiln/es at a difmc n emit r atm
ton eat bm attum’natim e gm omm nh n’ahc cut nmcunmev
An c xamniniat mcunm cut the nicuchm I nether timmg thin-n, cinltem’tnit
spc n ifmcationis tnur timc’ fur-nt e equation inchic ales that mmcunme nh Supplementary materials relatnng primarily to the long run nmula—
thn sbuec-mtmn-atinurms is c-Ic amIv snpc mnnum as icndlgc cI In’ c’cummm en— tion are available on request.